ABSTRACT Conflict analysis plays an important role in the fields of politics, military operations, economics, business management, games, urban planning, management negotiations and etcetera. Computational intelligence model such as rough set theory has been used in managing conflict situations which have the ability to handle uncertainties. However, there is a great concern in the computational time of the rough set approach in determining strength, certainty and coverage of conflicts. Motivated by the fact that every rough set approach can be represented using soft set theory, we derived an alternative method based on the concept of co-occurrence from multi-soft sets to handle conflict situations. We first used an illustrative example of a movie selection problem to demonstrate the proposed approach and provide an extensive elaboration using a publicly available dataset. Our motivation is to provide a new measure based on support, strength, certainty and coverage of soft set on movie selection problem. Our findings have revealed that the proposed approach achieved less computational time when compared with the rough set-based approach of up to 8.05%. One potential application of the proposed approach is the domain of recommendation systems. The proposed approach can be used to easily identify users/items nearest neighbours based on support, strength, certainty and coverage, which is crucial for the success of recommendation systems.
I. INTRODUCTION
Movies are experience goods that are becoming appealing globally. Movie production across the globe is inconceivable, and many movie-rental services are becoming popular [1] . Features and categories of movies differ from one film to the other, and each movie viewer (user) have specific characteristics that influence him/her in selecting a movie. However, the advancement of the internet has helped moviegoers to
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logically and virtually collaborate in the decision-making processes [2] .
Previous studies have shown that moviegoers rely on collaborative feedback and experiences of predecessors through informational sources when deciding on a movie to watch [3] , [4] . These dependencies are, however, subject to economic, psychological, and cognitive factors [1] . Individuals draw inferences from the actions of their predecessors and rely on visible information from them when they have limited or no information about how to evaluate a set of alternatives [5] .
Various kind of rating scales has been proposed to indicate the opinion of users toward a movie. Using 5 Likert scales have been the most common from the literature [6] , [7] , where 5 stands for firm support and 1 position for a firm rejection and 3 is the midway between the two (in other word neutrality). The collated and aggregated opinions of all users toward a movie give the overall public view of that movie. Conflict occurs when a user disparage a film while others appreciate it, making it difficult for the third user to decide.
Several approaches have been proposed in dealing with such decision-making problems that result to uncertainties; they include vague set theory [8] , hesitant fuzzy sets [9] , soft set theory [10] , fuzzy set theory [11] , rough set3 theory [12] , etc.
For example, the use of nonlinear-programming (NP) methodology for multi-attribute decision-making problem with interval-valued intuitionistic fuzzy (IVIF) soft sets information has been proposed in [13] . The approach uses IVIF sets to represent the ratings of alternatives on attributes and weights of attributes. NP models are then constructed on the basis of the concepts of the relative-closeness coefficient and the weighted distance.
A novel scaled prioritized intuitionistic fuzzy soft interaction averaging aggregation operators and their application to multi-criteria decision-making has been proposed in [14] . The approach considers the priority relationships between the parameters and experts using the interaction between their membership degrees. Also, [15] investigate the multi-criteria decision-making problems in which alternatives are assessed under the different parameters and experts in the form of dual hesitant fuzzy soft numbers.
In [16] , a similarity measure of complex vague soft sets and its application to pattern recognition has been proposed to represent multi-dimensional information for digital images. The utility of the measure was demonstrated using pattern recognition problem involving digitalized images that are defined by multi-dimensional data pertaining to the physical and non-physical features.
A rough set theory is an effective approach to imprecision, vagueness, and uncertainty [17] . Although it was successful in handling uncertainty from conflicting data, computational time remains a challenge. Reference [10] proposed an alternative mathematical approach to handle uncertainties, vagueness and imprecise data called soft set theory.
It is a parametrised family of subsets from a universal set, which proved to have a wide variety of applications [18] - [21] . Several studies have extended its idea to include; description logics [22] , soft group [23] , operations [24] , relations and functions [25] , transitive closure and ordering [26] , formal relationships with fuzzy [27] , fuzzy soft set (FSS) based on Hamming distance [28] and several other extensions [29] - [36] .
Many researchers have also applied the soft set theory to develop algorithms that solve several decision-making problems [37] - [46] . [47] introduced the concept of the N-soft set as an extended soft set model. The authors proposed decision-making procedures for N-soft sets and prove that N-soft sets are a cogent model for binary and non-binary evaluations for many kinds of decision-making problems.
[48] proposed a soft set approach for clustering web user transactions based on the concept of co-occurrence of soft set. [49] studied and described the parameterization value reduction of soft sets and its algorithm in decision-making problems. [50] presents a comprehensive review of parameter reduction of soft sets and its corresponding algorithms. The review compares different algorithms of parameter reduction based on some types of soft sets to emphasize their respective advantages and disadvantages and give examples to illustrate their differences.
Also, [51] present a review on different parameter reduction and decision making techniques for the soft set and hybrid soft sets under an unpleasant set of hypothesis environment as well as performance analysis of the derived algorithms.
As can be seen from the literature, a lot has been done on extending the concept of the soft set theory and its application to decision-making problem. In this paper, we propose a soft set approach for handling a conflict situation on movie selection problem. We first used an illustrative example of a movie selection problem to demonstrate our proposed approach and provide an extensive elaboration using a publicly available dataset MovieLens. Our motivation is to provide a new measure based on support, strength, certainty and coverage of soft set on movie selection problem. The outcome of the analysis will determine the acceptance of a movie to the public and the logical relationships between the moviegoers.
A similar approach has been presented in [20] . However, the approach presented in [20] focuses on the parameters related to voting analysis while our proposed approach focuses on solving movie selection problem. This is important because taking into cognizance the different parameters from a different domain of applications is crucial in determining the scenario in which the use of a soft set approach is best suitable over the rough set approach.
One potential application of the proposed approach is the domain of recommendation systems. The proposed approach can be used to easily identify users/items nearest neighbours based on support, strength, certainty and coverage, which is essential for the success of recommendation systems.
The remaining section of the paper is as follows. In section II, we review the basic concept of soft set theory. We present our proposed approach for conflict analysis in section III. An illustrative example is presented in section IV, and a soft set approach for conflict analysis is detailed in section V. The conclusion and highlight of future research directions are laid out in section VI.
II. RUDIMENTARY OF SOFT SET THEORY
One crucial aspect of the soft set theory is that to avoid complications, a sufficient parametrisation must be used to represent the full relationships amongst concepts. We defined some important mathematical symbols in table 1 that will be used throughout the paper. Consider a set of universe U and some set of parameters E, which are about the object v, the power set of v is given by p(v).
Definition 1 [10] : A pair (F, E) is called a soft set over U , where F is a mapping given by F : E → P(v). That is to say, the set of e-elements of the soft set (F, E), are the set F(e), where e ∈ E is from a parametrised family from the subsets of the set U .
To demonstrate this concept clear, consider a soft set (F, E), to be the allure of a movie that a moviegoer wants to watch. Assume six movies U = {m 1 , m 2 , m 3 , m 4 , m 5 , m 6 } are in the universe and E = {e 1 , e 2 , e 3 , e 4 , e 5 } represent parameters e i for i = 1, 2, 3, 4, 5 denoting ''Comedy'', ''Horror'', ''Romance'', ''War'', and ''Western'' respectively. Also, suppose the mapping values
As can be seen from the above example, the mapping F (e 1 ) represents a movie with the genre of comedy, whose mapping values is the set {m 2 , m 4 , m 5 }. Therefore, the soft set (F, E) can be considered as the collection of approximations as follows:
A standard soft set (F, E) has been represented using a Boolean-valued information system (U , A, V [0, 1] , f ) in [36] . The tabular representation for the above soft set using a Boolean-valued information system is presented in Table 2 .
Also, the idea of decomposing a multi-valued information system using soft set theory to some number of Booleanvalued information systems |A| has been presented in [36] . We present our proposed approach in the following section based on this notion.
III. PROPOSED APPROACH
The idea of using a pair S = (U , A) of an information system to represent conflict table was first initiated by Pawlak in [52] , [53] , where both U and A are non-empty finite sets in which U represents the universe(referred as objects or agents), and A the attributes(referred as issues).
The domain of a is a total function a : U → V a such that for each attribute (a ∈ A), where V a is the set of values of a. Each element of V a is referred to as opinions and a(x) is the opinion of the agent. To represent conflict situation, the opinion of each agent from the domain is limited to only three values V a = {1, 0, −1}. We introduced our approach to handling conflict situation in the following sub-sections.
A. REPRESENTATION OF CONFLICT USING MULTI-SOFT SETS
Multi-soft sets have been modelled in [36] , to handle conflict situations by representing a conflict table S = (U , A). Therefore, since V a = {1, 0, −1}, we can refer to S = (U , A) as another kind of multi-soft set.
we can then present the notions of alliance (1), neutrality (0), and conflict (−1) as follow:
for p, q ∈ a.
C. SUPPORT, STRENGTH, CERTAINTY AND COVERAGE
Let us first use the concept of soft set theory to represent the idea of object co-occurrence as presented in Definition 2. Definition 2 [20] : Let (F, a) be a soft set over the universe U representing (U , a) and the object v ∈ U . The co-occurrence of an object v is defined as:
The support of an agent in (F, a) is defined in Definition 3. Definition 3 [20] : Let (F, a) be a soft set over the universe U representing (U , a) and the object v ∈ U . The support supp(v), of an object v is defined as:
From Definition 3, Definition 4 defines the rules strength of an agent in (F, a).
Definition 4 [20] : Let (F, a) be a soft set over the universe U representing (U , a ) and the object v ∈ U . The strength VOLUME 7, 2019 of a rule a i ⇒ a j for a i , a j ∈ a designated by σ x a i , a j is given by
The rules for the certainty of an agent (F, a) are defined in Definition 5.
Definition 5 [20] : Let (F, a) be a soft set over the universe U representing (U , a) and the object v ∈ U . The certainty of a rule a i ⇒ a j for a i , a j ∈ a denoted by cer x a i , a j is defined by
where π (a i (x)) = |a i (x)| /|U | From Definition 5, Definition 6 defines the rules for coverage of an agent in(F, a).
Definition 6 [20] : Let (F, a) be a soft set over the universe U representing (U , a) and the object v ∈ U . The coverage of a rule a i ⇒ a j for a i , a j ∈ a denoted by cov x Figure 1 , we present the algorithm for handling conflict situation using a multi-soft set An illustrative example for handling conflict situation is presented in the following section. 
IV. ILLUSTRATIVE EXAMPLE
To better understand our proposed conflict solution, this section presents an illustrative example of handling a conflict situation. Suppose we have five users that watched five different movies and their corresponding total responses are presented in Table 3 . Rows indicate the users, i.e. U j and columns indicate the movies, i.e. M k for k = 1, . . . , 5. The intersection between row and column is the opinion of a user to a movie. From Table 3 , we have 5 users corresponding with their opinions toward 5 movies. For simplicity, the positive (+) sign represents thumb up, negative (−) sign represents thumb down and (0) represents neutrality.
We apply our proposed method discussed in Section 3 to the data presented in Table 3 to illustrate (U , A, V , f ) in which the domain objects (users) and the issues (movies) functions f are defined as: 
We then generate the function based on the soft set on each movie in which the decision attribute is culling. For example, Table 4 illustrates the opinion of users to movie1 (M 1 ), VOLUME 7, 2019 FIGURE 6. Approximate graph.
where 1, 0, −1 is represented as +, 0 and -respectively to denote alliance, neutrality and conflict.
From sub-section 3.1, we can represent Table 3 into multisoft sets i.e.
From tables 4-8, we have the following:
In addition, from definition 3, the support is given by:
From the results of the support above and the steps 4, 5 and 6 of the proposed algorithm (see Figure 1) , we have the following values of coverage, certainty and strengths.
From Table 9 , we have the following graphs of conflict flow, approximate graph, and conflict graph. Figure 2 presents the flow graph of Table 3 .
In Figure 2 , each branch of the flow graph represents a user's opinion together with their coverage, certainty and strength factors. It gives a clear indication of the selection structure of the movies from the users. For clarity and simplicity, we present the approximate flow graph depicted by figure 3 .
We used the certainty factors with a threshold of 0.4 to generate the approximate graph. It can be seen from the approximate graph (see Figure 3) , that the users U 1 , U 3 , U 4 and U 5 ally. Meanwhile, U 2 conflicts with the alliance group, and there is no any neutral user.
In Figure 4 , we present the conflict graph of Table 9 . In the graph, solid lines denote conflict, and the dotted lines represent alliance. In what follows we test our proposed approach on a real-world data of movies.
V. A SOFT SET APPROACH FOR HANDLING CONFLICT SITUATION ON MOVIE SELECTION
Here we present a soft set approach for handling conflict situation on movie selection problem.
A. MOVIE SELECTION PROBLEM
Feedback from online moviegoers is generated and aggregated to provide insight and recommendations online, which has been found to be a crucial factor when selecting movies in the digital environment [54] , [55] . Collaborative filtering (CF) systems are used to compute the usage-based similarity between viewers, which is the degree to which the similarity between viewers correlates to the number of common movies in which they have interacted. An individual's reliance on other users' choices and evaluations has shown to be related to bandwagon effects, or herd behavior, which describe the tendency of an individual to follow the behavior of previous users [56] , [57] , and as such, the quality of online movie ratings cannot be relied on [1] . Ample research has addressed the relevance and evaluation of the types of collaboration among Internet users and how these cues are related to distinct methods of information processing [3] . However, less attention has been given to the manner by which the different styles of decision-making problem and information processing affect the reliance on popularity cues when selecting movies online.
B. DATA
We used a freely accessed dataset (Movielens 1 ) collected by the Grouplens Research Project at the University of Minnesota [58] . The data consists of 100,000 ratings (1-5) across 1682 movies from 943 users. Due to space limitation, we selected the first 10 movies (Toy Story, Golden Eye, Four Rooms, Get Shorty, Copy Cat, Shanghai Triad, Twelve Monkeys, Babe, Dead Man Walking and Richard III) from the dataset and the ratings of the first 100 users to those movies. We consider a rating of 5 and 4 to be positive, 3 as neutral and the ratings of 2 and 1 as negative. Our data should contain 1000 different ratings (10 movies X 100 users), but because not all the users rated each item, we only have 136 different ratings (opinion). We could have predicted the ratings of those users that do not rate other movies, but in order not to tamper with the original dataset, we decided to VOLUME 7, 2019 apply the data as for how it is. The support of the resulting categorisations of responses is presented in Table 10 . The responses 1/(+), 0 and −1/(−) indicate positive, neutrality and conflict/against opinions, respectively.
C. RESULTS AND DISCUSSION
In here, we discuss the result of our approach for movie selection. First 10 movies and first 100 users are into consideration. We apply our proposed method discussed in Section 3 to the data presented in Table 10 to illustrate S = (U , A, V , f ) in which the domain objects (users) and the issues (movies) functions f are defined as: 
We then generate the function based on the soft set on each movie in which the decision attribute is culling. From subsection 3.1, we can represent Table 10 into multi-soft sets as in the illustrative example presented in section 4, and from that, we have the following is obtained by the equation as shown at the top of next page:
From Definition 2, support is given by the following:
From the results of the support above and the steps 4, 5 and 6 of the proposed algorithm (Figure 1) , we have the following values of coverage, certainty and strengths.
From Table 11 , we can have the following graph of conflict flow, approximate graph, and conflict graph.
In Figure 5 , each branch of the flow graph represent a user's opinion together with their coverage, certainty and strength factors. It gives a clear indication of the selection structure of the movies from the users. For clarity and simplicity, we present the approximate flow graph as depicted by figure 6 .
We used the certainty factors with a threshold of 0.4 to generate the approximate graph. It can be seen clearly from the approximate graph, that the movies ToyStory, CopyCat, ShanghaiTriad, TwelveMonkeys, Babe, DeadManWalking and RichardIII form alliance. While FourRooms conflicts with the alliance group and the movie GoldenEye is neutral. It can be noted that the movie GetShorty is not connected to any opinion, this is because certainty value of each of the three considerations is not up to the threshold. In Figure 7 we present the conflict graph of Table 11 . In the graph, solid lines denote conflict, and the dotted lines represent alliance.
One approach that is most successful in practice especially in dealing with movie selection task is collaborative filtering (CF). CF systems compare the rating of a target user with other peer users having similar rating history [59] - [62] . The final prediction of a rating R a,m to a user a for a movie m is the aggregate of all ratings from the neighbours of the usera.
From our approximate flow and conflict graphs (Figure 2 and Figure 3 respectively) in the illustrative example, it can easily be seen that the nearest neighbours of user U 1 are the users U 3 , U 4 and U 5 . In other words, we can recommend to the user U 1 what is a similar the taste to users U 3 , U 4 and U 5 . Conversely, the conflict between U 2 and the other users can be utilised to recommend to the user U 2 what is against the taste of the other users.
It can also be seen from our approximate flow and conflict graphs ( Figure 5 and Figure 6 respectively) of the movie selection problem from the Movielens dataset that the first 100 users are in alliance with ToyStory, CopyCat, ShanghaiTriad, TwelveMonkeys, Babe, DeadManWalking and RichardIII movies and are in conflict with the movie FourRooms. To confirm the genuineness of our result, we critically analysed the dataset based on the genres, and our findings revealed that all the seven movies that are in the alliance group have the genre drama while the FourRooms movie that conflicts with them is not. We can, therefore, recommend to our first 100 users movies that have the genre drama. 
D. COMPARISON OF RESULTS
We make a comparison based on the computational time of the proposed approach with the rough set approach presented in [52] as the baseline. We used Matlab version 7.13.0.564 (R2011b) on both our proposed algorithm and method in [52] . We also execute both approaches on an Intel Core i7 CPUs processor with the main memory of 4GB in Windows 10 operating system. Figures 9, 10, 11 , and 12 respectively show the comparison results in terms of computational time on computing support, strength, certainty, and coverage of Table 11 .
From Figure 8 , the computational time (in second) of our proposed approach is lower than the baseline method in computing supports. We achieved an improvement of up to 6.76% From Figure 9 , the computational time (in second) of our proposed approach is lower than the baseline method in computing strength. We achieved an improvement of up to 5.75%
From Figure 10 , the computational time (in second) of our proposed approach is lower than the baseline method in computing certainty. We achieved an improvement of up to 8.70% From Figure 11 , the computational time (in second) of our proposed approach is lower than the baseline method in computing coverage. We achieved an improvement of up to 10.99% From Table 12 above, our proposed soft set based approach has achieved less computational time (in second) of 6.8% in terms of support, 5.7% in terms of strength, 8.7% in terms of certainty and 11% in terms of coverage. The overall average enhancement in terms of less computational time of the proposed approach, when compared with the baseline rough set-based method, is 8.05%
VI. CONCLUSION
Resolving conflict situations have been researched in the domains of politics, military operations, economics, business management, games, urban planning, management negotiations and etcetera. To resolve conflicts, the rough set theory was dominantly being used from the literature. However, the computational time of rough set approach is still a problem in determining strength, certainty and coverage of conflicts. With the consideration that every rough set approach can be represented using a soft set approach, we derived an alternative approach based on the concept of co-occurrence from multi-soft sets to handle conflict situations. We first used an illustrative example of a movie selection problem to demonstrate our proposed approach and furthermore, we provide an extensive elaboration using a publicly available dataset Movielens.
Based on the results of our findings, our proposed soft set based approach achieved less computational time (in second), when compared with the baseline rough set-based method of up to 8.05%. One potential application of the proposed approach is the domain of recommendation systems. The proposed approach can be used to easily identify users/items nearest neighbours based on support, strength, certainty and coverage, which is crucial for the success of recommendation systems.
We targeted in our future work to extend this approach for improving the memory-based collaborative filtering approach of recommender systems. We also intend to perform more comparisons using various real-life data sets to know the scenario in which the use of a soft set approach is best suitable over the rough set approach in handling conflict situations. In addition to considering the running time, the comparison will also consider the computational time complexity.
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